Identification of neuropeptide Y in superior cervical ganglion neurons that project to the oesophagus – A combined immunohistochemical labelling and retrograde tracing study in pigs by Rytel, Liliana et al.
Acta Veterinaria Hungarica 67 (1), pp. 98–105 (2019) 
DOI: 10.1556/004.2019.011 
 
0236-6290/$ 20.00 © 2019 Akadémiai Kiadó, Budapest 
IDENTIFICATION OF NEUROPEPTIDE Y  
IN SUPERIOR CERVICAL GANGLION NEURONS  
THAT PROJECT TO THE OESOPHAGUS –  
A COMBINED IMMUNOHISTOCHEMICAL LABELLING  
AND RETROGRADE TRACING STUDY IN PIGS 
Liliana RYTEL1, Anna SNARSKA1, Slawomir GONKOWSKI2, Joanna WOJTKIEWICZ3,  
Ottó SZENCI4 and Przemyslaw SOBIECH1* 
1Division of Internal Disease with Clinic, University of Warmia and Mazury in Olsztyn, 
Oczapowskiego Str. 13, 10-719 Olsztyn, Poland; 2Division of Clinical Physiology,  
University of Warmia and Mazury in Olsztyn, Poland; 3Department of Pathophysiology, 
School of Medicine, Collegium Medicum, University of Warmia and Mazury in Olsztyn, 
Olsztyn, Poland; 4MTA-SZIE Large Animal Clinical Research Group, Üllő, Hungary 
(Received 4 July 2018; accepted 20 November 2018) 
Neuropeptide Y (NPY) is a neuronal active substance taking part in the 
regulation of gastrointestinal (GI) tract activity. This study used retrograde neu-
ronal tracing and immunofluorescence methods to analyse NPY-positive neurons 
located in superior cervical ganglion and supplying the cervical oesophagus in the 
pig. The presence of NPY was observed in 30% of all neurons supplying the part 
of oesophagus studied. Probably the number of Fast Blue (FB) positive cells de-
pends on the area of the wall injected with FB and the fragment of oesophagus 
studied. Therefore, the obtained results indicate that the described peptide is an 
important factor in the extrinsic innervation of this part of the GI tract. 
Key words: Oesophagus, extrinsic innervation, retrograde tracing, neuro-
peptide Y  
The innervation of the gastrointestinal (GI) tract consists of two parts: the 
enteric nervous system (ENS) (Szymanska et al., 2018) and extrinsic innervation 
(Majewski et al., 2002; Rytel and Calka, 2016). The ENS, composed of neuronal 
cells grouped into intramural ganglia and plexuses, is localised in the wall of the 
GI tract. Since the ENS shows significant independence from the central nervous 
system, it is often called ‘the second brain’ (Grubišić et al., 2018). Nevertheless, 
the ENS is under the control of the central nervous system by the extrinsic inner-
vation of the GI tract. Neurons supplying the GI tract are located in various sym-
pathetic, parasympathetic and sensory ganglia, and their exact localisation de-
pends on the innervated gastrointestinal fragment. The majority of studies on the 
extrinsic innervation of the stomach and intestine have been based on the retro-
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grade tracing technique, which consists of the injection of a retrograde tracer (a 
substance that may be transported from nerve endings to the perikaryon) into the 
wall of the GI tract (Bedwell and Tinsley, 2018). Among a wide range of sub-
stances showing the features of retrograde tracers, fast blue (FB) is the most 
commonly used because it is effectively transported retrogradely over long dis-
tances in various animal models and is characterised by a long degradation time 
in the nervous tissue (Sarnat, 2015). Moreover, neurons labelled with FB are 
clearly visible, and the results obtained during studies using FB are reproducible 
(Zalecki et al., 2012). 
It is known that the oesophagus may receive innervation from jugular-
nodose, sphenopalatine, stellate and dorsal root ganglia (Yu et al., 2015), but the 
major adrenergic innervation of this part of the GI tract derives from the superior 
cervical ganglia (Wojtkiewicz et al., 2011; Juranek and Wojtkiewicz, 2015). To 
date, a wide range of active substances have been noted both in the ENS and ex-
trinsic innervation (Majewski et al., 2002; Obremski et al., 2015; Rytel and Cal-
ka, 2016; Szymanska et al., 2018), including neuropeptide Y (NPY). 
It is known that NPY in the GI tract is an inhibitory factor, which may par-
ticipate in the regulation of various gastrointestinal functions, including motility 
and secretory activity of the intestine (Forbes and Cox, 2014; Louzao et al., 
2015). Moreover, NPY affects the mesenteric blood flow by the contraction of 
vascular muscles and takes part in the pathological processes within the GI tract 
(Malmström, 2000; De Fontgalland et al., 2008; Chandrasekharan et al., 2008). 
Contrary to the ENS, where the presence of NPY has been described in various 
mammalian species including humans (Wang et al., 2006), knowledge concern-
ing the participation of this substance in extrinsic innervation of the GI tract is 
very scarce (Konturek et al., 2004). On the other hand, previous studies have de-
scribed NPY as an important neuronal factor occurring in neuronal cells located 
in the superior cervical ganglion (SCG; Landry et al., 2000; Wojtkiewicz et al., 
2011; Masliukov et al., 2012). 
The aim of the present study was to investigate, for the first time, the pres-
ence of NPY in SCG neurons supplying the cervical part of the oesophagus in 
the domestic pig which, due to its neurochemical, physiological and anatomical 
similarity to humans, seems to be an optimal animal model for studies of the GI 
tract (Oltean et al., 2017). 
 
Materials and methods 
The present study was performed on five juvenile female pigs of the Large 
White Polish breed (body weight: 12–18 kg), which were kept under standard la-
boratory conditions. All procedures followed the instructions of the Local Ethics 
Committee of the University of Warmia and Mazury in Olsztyn (Resolution No. 
47/2006). The experiment was also performed in accordance with the guidelines 
100 RYTEL et al. 
Acta Veterinaria Hungarica 67, 2019 
set forth by Directive 2010/63/EU of the European Parliament and of the Council 
on the protection of animals used for scientific purposes. 
After a five-day adaptation period, the pigs were subjected to premedica-
tion with 0.4 mg/kg atropine s.c. (Polfa, Poland,) and 0.8 mg/kg propionyl prom-
azine i.m. (Stresnil, Janssen, Belgium) and after about 20 min general anaesthe-
sia was induced using 20 mg/kg sodium thiopental i.v. (Thiopental; Sandoz, Aus-
tria). The left side of the wall of the cervical oesophagus (at the level of the lower 
edge of the larynx and in an area of 2 cm2) was injected with 30 μL of a 5% 
aqueous solution of fast blue (FB, Dr. K. Illing GmbH & KG, Germany; four in-
jections, 5 μL each) using a Hamilton syringe equipped with a 26-gauge needle. 
Great attention was paid to avoiding any contamination of the surrounding tis-
sues with FB due to the hydrostatic leakage from the injection canal. After four 
weeks, the pigs were subjected to general anaesthesia (using the method de-
scribed above) and euthanised by an overdose of sodium thiopental (Thiopental, 
Sandoz, Kundl-Rakusko, Austria; 10 mg/kg of body weight, i.v.). Afterwards, 
they were perfused transcardially with 4% buffered paraformaldehyde (pH 7.4) 
and the left superior cervical ganglia were collected from all animals.  
Table 1 
Description of primary and secondary antibodies used for immunohistochemistry 
Primary antibodies 
Antisera Code Host species Dilution Supplier 
TH  MAB 318 Mouse 1:80 Chemicon Int. Inc., UK 
NPY NA 1233 Rabbit 1:10,000 Biomol Res. Lab. Inc., US 
Secondary antibodies 
Reagent   Dilution Supplier 
Donkey anti-mouse IgG (H+L) conjugated 
with FITC 
 
1:800
 
715-095-151; Jackson IR Lab, US; 
CY3-conjugated F(ab')2 donkey anti-rabbit 
IgG (H+L) 
 
1:9,000 
 
711-166-152, Jackson IR Lab, US; 
 
Tissues were rinsed in a 0.1 M buffer solution at pH 7.4 for 72 h, then put 
into 18% sucrose solution and kept at 4 °C. After at least three weeks, the ganglia 
were frozen at –22 °C, cut with a cryostat into 10-μm serial sections and mount-
ed on microscopic slides. Sections were examined under an Olympus BX51 fluo-
rescence microscope (Olympus Life Sciences) to localise all FB-positive neu-
rons. Strips of the SCG with neurons labelled with FB (at least 100 FB-labelled 
neurons from each animal) were subjected to the routine double immunofluores-
cence technique previously described by Gonkowski et al. (2009) (Table 1). 
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Briefly, this method included the following steps: (1) drying the slides with tis-
sues for 1 h at room temperature (RT); (2) incubation with a blocking solution 
(10% normal goat serum, 0.1% bovine serum albumin, 0.01% NaN3, Triton X-
100 and thimerosal in PBS) for 1 h; (3) incubation with the mixture of two pri-
mary antisera obtained from various species and directed towards tyrosine hy-
droxylase (TH) and neuropeptide Y. Incubation was performed in humid cham-
ber (overnight); (4) incubation with the secondary antibodies conjugated with 
FITC and CY3 to visualise the complex of primary antisera bound to appropriate 
antigens (1 h at RT). Standard controls to confirm the specificity of the method, 
i.e. pre-absorption of the primary antibody with appropriate antigen and omission 
and replacement of primary antibody with non-immune serum, were performed. 
During the pre-absorption test, sections of SCG were incubated with a ‘working’ 
dilution of anti-NPY or anti-TH antibodies, which were pre-absorbed for 18 h at 
37 °C with 20 μg of human NPY or TH, respectively. 
Labelled sections of the SCG were evaluated under an Olympus BX51 
microscope equipped with appropriate filters for FITC (fluorescent filter set for 
FITC fluorescein with an emission wavelength of 513–556 nm and an excitation 
wavelength of 467–498 nm), FB (UV-2A filter set with an excitation wavelength 
of 330–380 nm and a cut-on wavelength of 400 nm) and CY3 (fluorescence filter 
set for CY3 fluorescence dye with an emission wavelength of 570–613 nm and 
an excitation wavelength of 513–556 nm) to determine the percentage of neurons 
immunoreactive to NPY with respect to the overall number of FB-positive cells. 
Finally, the obtained data were pooled and expressed as mean ± SEM. 
 
 
Results 
FB-labelled neurons were noted in various parts of the SCG (Table 2).  
Table 2 
Percentages of nerve cells immunoreactive to particular neuronal factors in porcine superior cervi-
cal ganglion neurons that project to the oesophagus 
Animal no. TH+/NPY+ TH+/NPY– TH–/NPY+ TH–/NPY– 
1 21.1 39.5 8.4 34.7 
2 33.5 36.2 1.8 38.5 
3 22.2 34.8 6.7 35.4 
4 30.9 24.1 2.8 39.6 
5 25.5 18.7 1.3 38.7 
Mean ± SEM 26.6 ± 5.4 30.7 ± 8.8 4.2 ± 3.2 37.4 ± 2.2 
TH = tyrosine hydroxylase; NPY = neuropeptide Y; SEM = standard error of the mean 
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Most often these neurons occurred individually or in groups of two or 
three neurons (Fig. 1). The presence of TH was observed in 56.6% of SCG neu-
rons supplying the cervical part of the oesophagus. The percentage of FB-
labelled neurons simultaneously immunoreactive to NPY was considerably lower 
and amounted to 30%. Moreover, during a study on co-localisation of TH and 
NPY it was found that among neurons labelled with FB, 26.6 ± 5.4% simultane-
ously showed the presence of TH and NPY, 30.7 ± 8.8% were immunoreactive 
to TH but not to NPY, and only 4.2 ± 3.2% were neuronal cells showing the 
presence of NPY although TH was negative. During the present study, no differ-
ences were observed between individual animals in the immunoreactivity of FB-
positive cells to the substances studied. 
 
 
Discussion 
The present study confirms the results of previous studies in which NPY 
was observed in neurons located within the SCG as an important neuronal factor 
taking part in the regulation of blood pressure, circadian rhythms and vasocon-
striction. The results of previous studies show that NPY is especially important 
within the autonomic nervous system and the presence of this substance has been 
described in approximately two-thirds of neurons located in the sympathetic 
ganglia (Barczewska et al., 2017). The observations made in the present study 
indicate, for the first time, that NPY is also present in a relatively high percent-
age of neuronal cells supplying the oesophagus. This suggests that NPY is an 
important neuronal factor, not only within the enteric nervous system located in 
the wall of the GI tract (El-Salhy and Hausken, 2016; Tan et al., 2018), but also 
in the extrinsic innervation of the digestive tract. It should be noted that, contrary 
to other segments of the GI system (Mikołajczyk et al., 2017), knowledge about 
the distribution and functions of NPY in the oesophagus is relatively limited 
(Parkman et al., 1989). Although previous studies have reported the presence of 
NPY in neurons and nerves in the oesophageal wall (Rytel et al., 2018), the exact 
roles of this substance are still not fully elucidated. Probably they are similar to 
functions of NPY in other parts of the GI tract, where this substance is involved 
in the inhibition of intestinal motility and secretory activity, as well as the con-
traction of mesenteric blood vessels (Rosano et al., 2017). Moreover, some pre-
vious studies have also shown the participation of NPY in pathological processes 
within the GI tract (Gillard et al., 2016). Such functions may also appear in the 
oesophagus, as evidenced by changes in the distribution of oesophageal NPY-
positive neurons during achalasia (Wattchow and Costa, 1996). In view of the 
fact that the majority of NPY-positive neurons supplying the oesophagus ob-
served during the present study were also noradrenergic, it can be expected that 
in this part of the GI tract NPY displays the (above-mentioned) typical functions 
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of sympathetic innervation. On the other hand, although the functions of a small 
neuronal population show the presence of NPY, TH negativity is completely un-
known and requires further investigations. Nevertheless, the results obtained dur-
ing the present study are an important step towards elucidating all aspects of the 
participation of NPY in the oesophageal innervation. Moreover, due to similarities 
in neurochemical organisation of the nervous systems between humans and the 
domestic pig (Gonzalez-Bulnes et al., 2016), this study may be the starting point of 
research aimed at expanding our knowledge on NPY-dependent mechanisms in the 
human oesophagus. 
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